Introduction
In this paper my own interest in microcomputers is explained, and an account given of the ways in which one particular system has been found to be useful and how similar systems could be used by others to advantage. Some advice is offered for first-time users of microcomputer systems. Figure 1 illustrates diagrammatically the hardware aspects of the microcomputer. Comments about these will be brief and selective. The CPU, or central processing unit, which is the heart of the system, communicates rapidly with the contents of the RAM (random access memory), whether those contents be programs (this is the accepted spelling for 'software') on which the CPU is acting, or data. RAM contents are lost as soon as the electrical supply to the computer is switched off; thus any program entered from the keyboard, or data derived from program use, which is to be preserved, must be transferred to a permanent external magnetic store. Similarly, any programs to be loaded into the computer for its use are drawn into RAM from an external magnetic store. The ROM (read only memory) contains programs such as the 'monitor', which are essential for the activity of the computer on 'powering up'. Without this inbuilt control program the computer would be inert. For practical purposes external magnetic storage should be some form of disc systemeither floppy discs, or hard discs using so-called Winchester technology. The latter are more reliable, have greater capacity, and are faster in access. Cassette tapes are useless for serious purposes, since they are too slow and can only be examined sequentially, from the beginning, until the part wanted is found. In contrast a disc is searched rapidly and by so-called 'random' or 'direct' access, whereby the reading head travels directly to the site of the information required. Floppy disc drives, then, are an essential minimum requirement for serious external magnetic storage. The relationship between the computer and its disc drives is conducted by a so-called 'operating system' and this is usually loaded into the computer from the disc on powering up. A common operating system does not guarantee compatibility between two computers: for example, the fact that two systems may use CP/M (which is a very common operating system written for the 8-bit microprocessor, the Z80) does not guarantee that programs written for one can be used on the other. There is still no industry standard, either for operating systems or for the requirements of the monitor programs of particular microprocessors, which would allow complete compatibility. A computer user who does not wish to become an enthusiast needs to know little about operating systems, or indeed about computer programming. The path to successful use nowadays is not by the acquisition of a cheap computer, by playing with it at home, and by learning to code programs in a high-level language, in the belief that this would make it easier to use the computer system for serious applications. Nowadays a first-time user can learn the instructions for his application programs, and for the equipment on which he is running them, and need not concern himself with the matters of programming that are of fascination to the enthusiast.
Programming
There are a few points about programming which deserve short comment. The microprocessor of a computer responds only to streams of binary information. Programs written in binary code are described as 'machine level'. Strings of binary ls and Os are difficult for humans to follow, and so it is customary to bunch them into groups of 4 as so-called 'hexadecimal' numbers (base 16). These are much easier to follow and understand. Special 'assembler' programs allow the easier development of machine code by the use of mnemonicsso-called 'assembly language'. For many people, first acquaintance with programming will be through a so-called high-level language such as BASIC, which, although it has many defects, is probably the commonest language used on computers by amateurs. Programming is not the same as 'coding'. Programming involves analysis of the problems, planning the solution, choosing algorithms to execute each component of the planned solution and then translation of that solution, which may be expressed in a flow diagram, into a high-level language. The final stage is to test and remove faults from the program ('debugging'). Many people mistakenly believe that coding into a high-level language is the essence of programming, when in reality it is merely oneand indeed a rather latestage in the development of a program. Any high-level language program must be translated for the computer's use into machine code by a special type of program. Translators may either be 'interpreters' or 'compilers'. Many microcomputers are provided with a BASIC interpreter in their ROM. There are differences, merits and disadvantages that distinguish interpreters from compilers, but these are beyond the scope of this discussion.
Hardware needs It is possible to give some indication of the minimum hardware requirements for any serious use. Apart from the use of two disc drivestwo so that copying of one disc to another can be rapid, and so the program on one can be separated from data on anotherit is necessary to use a good monitor or video display unit (VDU). A domestic television set does not supply a picture sufficiently clear for serious application, and a monochrome monitor is essential if letters are to be seen clearly. The hardware should be configured to provide at least 80 columns on the monitor. It is essential to have a printer, for listin programs,durng development and for producing paper copies-so-called 'hard copy' of data. The quoted prices of most cheap systems usually exclude disc drives, monitors, and printers.
The two commonest varieties of printer are the so-called 'dot matrix', in which the letters are composed of small dots, and the daisy wheel. The dot matrix printer has the merit of being cheap and fast, while the daisy wheel produces electric typewriter quality print but at a higher cost and more slowly. Many people choose to have one of each kind of printer to meet different requirements. Figure 2 shows the print produced by a dot-matrix printer; one advantage of such a printer is its ability to produce letters of different shape, or font, in response to control instructions from the computer.
My own system is an extended APPLE II Europlus. One of its many merits has been its capacity for expansion and modification by the addition of so-called 'expansion' cards to meet This is produced by a Dot Matrix printer. A rad th:L s j.is a di f-feTert fornt, fr'oM:)M the sisanmep!rinrt e T'e While this is also from the same printer. Figure 2 . Print from dot matrix printer the requirements which I have already mentioned, such as 80 columns of letters on the monitor; association with printers and modems; and even the ability to use a central processing unit different from its basic 6502. This alternative processing unita Z80 -allows the system to run software programs written under the operating system CP/M, which is one of the most common.
The early days My own personal interest in data processing started in the 1 960s with an analysis of the results of over 2000 stapedectomy operations at King's College Hospital using a peripheral punchcard system (Ludman 1967) . The examination of stapedectomy results by this method (Ludman & Grant 1973) proved very cumbersome in comparison with any microcomputerbased method. In 1979 my first microcomputer system was acquired at a time when conditions were different-from today. There were few books devoted to domestic microcomputer use, there were no magazines devoted to individual computers, and there was no commercial software available for any serious purposes. There were two projects I wished to implement on a microcomputer at that time, and in the absence of any software I spent many months learning to program and develop appropriate systems. For me this was an interesting and enjoyable exercise, but it certainly is not necessary for a first-time user to follow that path today. The first application was to computerize the process of producing an index for a book. This is a tedious chore using card indexes, as anyone who has endured it will know. The program for that purpose has now been developed, but will not be described here. Secondly, a data record of patients had to be developed, with diagnostic keys, to replace card index systems which were in use at each of my hospitals. The purpose of this was to deliver rapidly the name and number of any patients satisfying certain criteria. That program, developed by the summer of 1979 and still in use, allows storage of patients' details with four diagnostic keys for each. Rapid searches through the data allow particular patients to be found. One floppy disc will hold information on about 1000 patients, and it is possible to make 'global' alterations to any of the search keys throughout the data on two whole discs of records. The names of patients can be sorted and printed in alphabetical order, as can the key words. As a digression it is worth noting that sorting, alphabetically or numerically, is sometimes a very slow procedure. After a decision had been made to use a particular algorithma so-called 'Shell' sortthe speed advantage of programming it with a compiled form of BASIC, rather than with the more usual interpreted form, was soon discovered. Sorting over 1000 records might take well over an hour with interpreted BASIC, while the compiled version will complete the identical task in just a few minutes.
When sophisticated commercial software became available about three years or so ago, usage was extended to word processing, more elaborate forms of data manipulation, and techniques for the production of lecture slides.
Data processing
My current data management system is particularly useful for bibliographies. Selection of a data management program -or a database program (and the terms are not interchangeable) -involves consideration of many factors. It is necessary to know the number of fields that can be accommodated in each record; the type and length of each field; whether it is possible to manipulate all of them through all the records globally; how sorting records will take place; whether it is possible to make calculations between one field and another; and what sort of relational operators -'and', 'or', 'not' -can be applied to search criteria. The speed of sorting and searching should be examined and the trade-off between speed and parsimonious use of disc space is another factor. Generally, personal use of a database program for several weeks is recommended before deciding whether it meets the requirements. It is useless testing any data management system with almost empty files, and therefore observation of the way a program is working in the hands of a friend or colleague can be a most useful short cut.
Word processing Word processing programs are probably familiar to most people today. In essence a word processor allows keyboard entry of text into RAM, and its display on the screen; and enables alterations to that data while it is in the memory of the computer. Those alterations will include deletion of words and sentences, movement of a word or sentence or a chunk of the text to another position; and all of this before any of the material is printed on paper. It is, of course, essential to save the written data to a disc. Some programs force such savings automatically, while others demand that it be remembered. A particularly valuable characteristic of most word processors is the ability to find characters or words and to replace them with others. This, for example, would enable the preparation of a text in which a particularly long word, appearing often, would be represented by a symbol, and at the end of preparing the text, every occurrence of that symbol would be replaced automatically by its cumbersome substitute. Word processors vary greatly in complexity and in the ease with which the use of their facilities can be learnt. As with data processing programs, experiment and trial is necessary before choosing the one most likely to suit individual requirements. One of the main divisions among word processors rests in the ease with which the program shows on the screen of the VDU exactly what will be printed on paper. With some word processors this is a well supported feature, while with others it is virtually impossible. The famous program WORDSTAR, operating under CP/M, is worth anyone's consideration, although my preference is for a word processor which, though less comprehensive in its facilities, is much simpler to use. The marrying of a computer and a word processor to a printer can be among the more difficult compatibility tasks, and expert advice is often advisable.
Lecture slides
Lecture slides can be produced very easily by photographing a monitor showing text. The words may be provided by writing a short program using the computer's own character generator, or by using more elaborate programs, which allow the creation of special fonts of letter in association with line diagrams. There are also useful programs which automatically produce histograms, pie charts, or line diagrams from the data stored in a data management program. Many examples of these can be demonstrated.
The way to start
The path for the beginner now is comparatively clear and far simpler than it used to be. The software to be used should be chosen with great care and with insistence on opportunities to test it and find its limitations. Next, select a computer systemthe hardwarewhich will run the chosen software. The choice must partly be governed by cost, but one important consideration should be to look at equipment and manufacturers who are likely to survive in production in a market where even giants have taken tumbles in the past few years. Advertising claims of compatibility should not be accepted without careful checking.
It will be necessary to study the documentation manuals on the use of the application software, and it is helpful, indeed important, to have some idea of what is happening inside the computer and its disc drives while particular activities are undertaken.
It is essential to learn something about the so-called 'housekeeping tasks' of using a microcomputer system. The most important of these is to protect data discs by copying them, using a copy program, which will be made available as part of the computer's operating system. There are well defined methods for systematic copying to provide the greatest possible security. The future
Interesting and exciting changes in software development are now becoming possible because of the very large memory that can theoretically be addressed by new 16 and 32 bit microprocessors. First is the development of integrated software in which programs can interchange data one with another, so that, for example, the word processor will take its information from the database. Secondly is the development of concurrent software in which several programs can be running simultaneously, so that the user can change from one to another at the touch of a key instead of the much slower, rather tedious way of changing from one program disc to another.
Undoubtedly there will be dramatic changes in the next few years, but in my view it would be wrong for anyone to wait in the expectation that selection will become easier. The benefits and pleasures of microcomputer use are great and can be enjoyed now.
